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$0V/19-28-6-46/63 
Reactions of Free Radicals in Solution. XIV. The Formation of Free Radicals 
in the Decomposition of Hydrogendisulfide and Their Reactions With a- and 
f-Olefines 
etc.; in this connection it must be noted that in the vul- 
canization of rubber no formation of hydrogen sulfide was 
observed. Apparently the decomposition of HS, takes place 
according to the chain mechanism through thé Stage of the 
°SH- and “SiH radicals, as is the case with hydrogen per- 
oxide; 
HSSH ——> HS++°SH 
HS: + HSSH ——> H,S + HS... 
HS,++ HS+ —> H,8 + 5, (8 HS, + 8) 
HS* + HS* — > H,S +s 
The radical character of this reaction was proved by the de- 
composition of the hydrogen disulfide in the presence of an 
acceptor for free radicals, the nitric oxide. In the case 
of a heating in ethylbenzene solution at 7o and a simul- 
taneous passage of gaseous NO no formation of H Sy takes 
place. Earlier it was shown that hydrogen sulfide does not 
enter reaction with NO on the same conditions. The decompo- 
sition of hydrogen disulfide in various olefines, contain- 
ing external and internal double bonds, was investigated. 
Card 2/4 The relative reactivity of the olefines was determined ac- 
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30W79-28-6-46/63 
Reactions of Free Radicals in Solution. XIV. The Formation of Free Radicals 
in the Decomposition of Hydrogendisulfide and Their Reactions With a- and 
B-Olefines 
cording to the composition of the final products and accord-~ 
ing to the amount of the forming hydrogen sulfide (Tables 1 
and 2). In the decomposition of hydrogen disulfide in ole- 
fines having a double vinyl bond (a-pentene, styrene, iso- 
prene) the formation of H,8 is completely obstructed, which 
is only partly the case with f-pentene, cyclohexene. The con 
version products of H Ss, with a- and B-pentenes, and cyclo- 
hexenes were separated and characterized, and their mechan- 
ism of formation were checked. Concluding it may be stated 
that the reactivity of the a-olefines with respect to the 


given radicals is by far higher than that of the B-olefines. 
There are 1 figure, 2 tables, and 14 references, 10 of which 
are Soviet. 


ASSOCIATION: Institut vysokomolekulyarnykh soyedineniy Akademii nauk SSSR 
i Vsesoyuznyy nauchno-issledovatel'skiy institut sinteti- 
cheskogo kauchuka 
(Institute of High Molecular Compounds,AS USSR and All-Union 

Card 3/4 Scientific Research Institute of Synthetic Rubber) 
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TITLE: 


PERIODICAL: 


ABSTRACT: 
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Tinyakova, Ye. I., Kerennikova, Ye. Ke, SOV/79-26-12-24/41 
Dogoplosk, B. a. : : 


Oo the Effective Mechanism of the Accelerators in the Process 
of Suifur Vulcanization (0 mekhanizme deystviya uskoriteley 
protsesss sernoy vulkanizatsii) 


feaay obshchey khimii, 1958, Vol 28, Nr 12, pp 3269-3274 
(USSR 


To explain the effective mechanism of the accelerators in the. 
yulcanization i+ was necessary to investigate the composition 
of the products formed in the reaction with sulfur in various 
solvents, and to compare: them to the composition of the de- 


composition products of H,5, in the same solvents. For this 


reason, the reaction of monoethanol amine, ethylene diamine 
and fructose with aulfur in the pentenes-1 and -2, in cyclo- 
hexane, isoprene, cA-methyl styrene, styrene, ethyl benzene, 
and in rubber solution at 130=160° was investigated. This pro- 
cess was characterized according to the formation of HAS. ‘In 


the case of the reaction of monoethanol amine with sulfur in 
the pentenes-1 and -2 all main reaction products were separated 
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On the Effective Mechanism of the Accelerators SOV/79-28-12-24/41 
in tha Process of Sulfur Vulcanization 


and characterized. In table i the data are mentioned whioh 


characterize the formation of HS in the reaction of sulfur 


with the vulcanization accelerators, as well as in the 
decomposition of HS, in various solvents. In table 2 the 


experimental results of the composition of the reaction products 
of sulfur with monoethanol amine in the solution of pentenes-1 
and -2 are mentioned together with the results of the experi- 
ments on the decompositionofH8,,, which are given for the pur- 


pose of comparison. % was shown that the reaction of sulfur 
with various reducing agents which occur in the sulfur vulcani- 
zation as accelerators takes place by way of an intermediate 
stage of HS, under the formation of S° and S,°- Based on the 


investigation of the somposition of the products formed in the 
reaction of sulfur with the vulcanization accelerators and in 


the dscomposition of HAS, in od - and f -olefins, a more detailed 


information on the mechanism of the occurring sulfur formations 
Card 2/3 in the vulcanization process is obtained, and the part is 
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» On the Effective Mechanism of the Accelerators SOV/79-28-12-24/41 
in the Process of Sulfur Vuicanization 7 : 


detested which is played by the accelerators therein. It was 
shown thats the outer double bonds are much more reactive in 


the reaction with ths radicals HS° and HS,° than the inner 


ones. At temperatures up to 130° the radicals HS* do not 
separate hydrogen from the aliphatic hydrocarbon solvents. 
There are 2 tabies and 13 references, 6 of which are Soviet. 


ASSOCIATION: Institut vysokomolekulyarnykh soyedineniy Akademii nauk SSSR 
(Institute of Hign-Moleocular Compounds, Academy of Sciences, 
USSR) 


SUBMITTED: November 10, 1957 
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s/020/60/135/004 /021/037 
BO 16/B062 
11 221) 
AUTHORS: Dolgoplosk, B. A., Corresponding Member AN USSR, 
Kropacheva, Ye. N., Khrennikova, Ye. K., Kuznetsova, Ye. I., 
and Golodova, K. G@. —————"""--————————— 
TITLE: Polymerization of Dienes Under the Influence of Homogeneous 


Catalytic Systems Containing Salts of Cobalt and Nickel 


PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol. 135, No.4, pp. 847-848 Vv 


TEXT: The authors report on the considerable efficacy of homogeneous 
catalysts in the production of cis-polybutadiene from butadiene in benzene 
solution. The catalysts were hydrocarbon-soluble systems of cobalt chloride 
(concentration 0.005 - 0.01 percentage by weight, as referred to the 
monomer) in complex with pyridine or ethanol in combination with alkyl-, 
dialkyl-, and trialkyl aluminum chlorides. Polymerization takes place al- 
ready at 0°C and 7.005 % cobalt chloride, the polymer structure being in- 
dependent of temperature. The polymer yield rises with increasing concen- 
tration of the cobalt ohloride, while the molecular weight of the polymer 
decreases. The polymerization rate is highest at a concentration of 0.01 %, 
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8902) 
Polymerization of Dienes Under the Influence $/020/60/135/004/021 /037 
of Homogeneous Catalytic Systems Containing BC 16/3062 


Salts of Cobalt and Nickel 


whereas the molecular weight in the entire concentration range studied de- 
creases simultaneously with the acceleration of polymerization. The tem- 
perature rise from 5° to 30°C also reduces the molecular weight to 

1/2 - 1/3. The role of the displacement reactions becomes much more con- 
siderable in the presence of lower olefins. For instance, approximatively 
1% of B-butene (referred to the monomer) considerably decelerates the 
polymerization and reduces the molecular weight of the polymer from 

150 000 to 90 000. On the strength of data on the microstructure of poly- 
butadiene the authors found, depending on the catalyst system (Table. 1, X 
polymerization of divinyl), that the highest percentage of 1,4-members was 
obtained with diisobutyl aluminum chloride systems (97 4) and diethyl 
aluminum chloride systems. Triisobutyl aluminum oonsiderably increases the 
number of 1,2-members (up to 70 %). Cobalt salts of stearic acid lead to 
an only inoonsiderably deviating chain struoture in the range of concentra- 
tions ensuring a homogeneous system. Polybutadiene produced in the pre- 
sence of nickel stearate has a chain structure similar to that of cobalt 
stearate, but a lower molecular weight. If iron benzoate and stearate is 
used, the polymerization is considerably slower than with cobalt- and 
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Polymerization of Dienes Under the Influence $/020/60/135/004/021/037 
of Homogeneous Catalytic Systems Containing BO 16/B062 
Salts of Cobalt and Nickel , 


nickel salts. The cobalt systems are also effective in the polymerization 
of other diene-hydrocarbons, especially of isoprene. There are 2 figures, 
1 table, and 7 references: 5 Soviet, 1 US, and 1 German. 


ASSOCIATION: Vsesoyuznyy nauchno-issledovatel’skiy institut sintetiches- 
kogo kauchuka im. S. V. Lebedeva (All-Union Scientific 
Research Institute of Synthetic Rubber imeni S. V. Lebedev) 


SUBMITTED: August 22, 1960 
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s/020/62/144/004/015/024 
voto B101/D138 : 
AUTHORS + Grechanovskiy, V. A., Dolgoplook, B. A., Corresponding Member 
AS USSR, Kropacheva, Ye. N», Poddubnyy, I. Ya., Sterenzat, 
D. Yes, andkhrennikova, Ya. K. 
ce 


TITLE! Distribution of molecular weight in sturcographically regular 
polybutadiene polymerized under the influence of "cobalt" 
systems : 


PERIODICAL: Akademiya nauk SSSR. Doklady, ve 144, no. 4, 1962, 792 - 794 


THATS Changes in the molocular weight of polybutadione and in ite diotri- 
bution Mo wera studiod in relation to the monomer concentration and degree 


of polymerization. The polymerization was performed in a 104 solution of 
the butndiene in benzena,in the presenoo of a complex catalyst composed of: 
CoCl,+C, HOW and Al(iso-0 Hy) 9Gl, the concentration of the CoC], being 


0.01 % and that of the dibutyl-aluminuo chloride 2% as referred to the : : 
monomer, The M, was found using an ultra-centrifuge (180,000 g), hexane : 


“and heptane in equal proportions being thermodynamically almost idenl as f 
Curd 1/3 
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s/020/62/ 144/004/015/024 
Digtribution of molecular woightaoss. y101/B138 


a solvent, and the calculation being done according to S- Yo. Frenkel’ 
(ZhTF, 24, noe 125 2167 (1954)). Resultor (1) With 20% conversion the 
mixinun Mo came at about 245,000. This enabled the number average 


molecular welght ty to be calculated av 270,000 and the weight average 
molecular weight H, as 320,000. (2) with 97% conversion H,.mas about 
90,000, KL was 136,000 and HM, was 265,000. Similar results were obtained 
with tho ootalyat Cor, *C pH, Ol. - A1( 190-6 jig) 901+ (3) Stepwise addition — 


of the monomer, cach successive portion thervof being added only after the 
preceding portion wae oomplotely polymerized, gave 4,” 55,000, 


i, « 66,000 and i, ~ 180,000 for all of the successively polymerized 


portions. Conclusions: (a) The catalyst is fully regenerated nnd remains 
active for a long time (> 100 hr)s (bv) the reduced Ho, Hy and H, in case 


(2) io due to reduction in the monomer concentration when polymeriza = 
tion laste longer)’ (c) in case (3) two opposite tendencies compensate one af 
anothers namely the tendency to higher My through the catalyst becoming - 


LAN 
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s/020/62/144/004/015/024 
Distribution of molecular weights... 3101/B138 

diluted by added portions of monomer and the tendency to lower x, aso 
result of diminishing butadiene concentrations hence oll portions show tho 


euno values of Mor My and Hee Thero are 4 figures. 


. 
ASSOCIATION: Vovsoyusnyy nauchno-isoludovutel'okiy inntitut sintoatiohovkogo 
kauchuka in. S. ¥. Lobedeva (All-Union Soiontifio Reooarch 
Institute of Synthetio Rubber imeni S. V. Lebedev) 


SUBMITTED: March 13, 1962 
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GRECHANOVSKIY, V.A.3 DOLGOPLOSK, B.A.; KROPACHEVA, Ye.N.; PODDUBNYY, 1.Ya.; 
STERENZAT, D.Ye.; KHRENNIKOVA, Ye.K. 
Cie 


Molecular weight distribution of steroregular polybutadiene 
obtained by polymerisation in the presence of “cobalt” systens. 
Dokl. AN SSSR 144 n0.4:792-794 Je '62. (MIRA 15:5) 


1. Vsesoyuznyy nauchno-issledovatel'skiy institut sinteticheskogo 
kauchuka im, S.V.Lebedeva. 2, Chlen-korrespondent AN SSSR (for 
Dolgoplosk). 

(Butadiene) (Polymerization) (Cobalt compounds) 
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ALEKIN, L.Ye.; BALABIN, ¥.V.; GLADILIN, A.N.; DUBININ, H.P.; KOSYAKOY, K.P. 
POPOV, L.A.; KHREMOV, A.D. 


EEL ESITER PORES RAI? 
[The organisation of standard workshops for students of the "metal 
technology® departments of technical colleges] Metodika organisateii 
tipovykh uchebnykh masterekikh kafedry “Tekhnologiia metallov" vtu- 
sov. Moskva, Sovetekaia nauka, 1953. 243 p. (MURA 7:7) 


1. Moscow, Moskovakoye vyssheye tekhnicheskoye uchilishche. Kafedra 
"fekhnologiya metallov", 


(Metalwork--Study and teaching) 
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t lee Yonel ‘yanovich; GLADILIN, Anatoliy Wikolayevich; KRASAVIN, 
Vasiliy Stepanovich; WIRY, Fedor Andreyevich; MAKAROVA, Vera 
Ivanowna; RASTORGUYEV, Ivan Sergeyevich; KHREMOV, Aleksey | Dmiq 
triyevichs TSEYTLIN, V.Z., kandidat tekhnicheskikh nauk, Tedak- 

VINSKIY,V.V.,.inshener; redaktor;.SHUR, D.S., redaktor; 
ZOGMR?, A.P., tekhnicheskiy redaktor. 


(General technology of metale] Obdehchata tekhnologiia metallov. 
Moskva, ae aaa Trudrezervizdat, 1956. 327 p. 
Motale 
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Khrenov, Aleksey Dmitriyevich 
<a 


_ Spravochnik molodogo kuznetsa-shtampovshchika » (Manual for the Young Forge and 
Press Operator) Moscow, Trudrezervizdat, 1958. 256 p. 35,000 copies printed. 


Ed.: Litvak, D.S.; Tech. Ba.: Rakov, 3.1. 


PURPOSE: ‘he book is intended for workers, foremen, technicians and designers en- 
gaged in forging and sheet forming in industrial plants. 


COVERAGE: ‘This book deals with various aspects of forging on the production level. 
Metals used in forging are briefly reviewed together with their physical proper- 
ties, method of testing, and applications. The author goes on td explain the 
principles of forging, the temperature regime during forging operations, and the 
heating arrangements used. A number of chapters deal with the design of forg-: 
ing, the range of permissible tolerances and machining allowances. Problems of 
die design and the equipment used in forging, such as forge hameers of various 
designs and presses with hydraulic and mechanical drives receive a thorough tmat- 
ment. Finally, some special methods of forging, press-forming, and sheet metal 
forming are described. The text contains a number of illustrations, formulas, 
and graphs. There are 28 Soviet references. 
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Manual for the Young (Cont. ) 
TABLE OF CONTENTS: 


Ch. I. Metals Used In. Forging 
General information about metals 
Structure of carbon steel 
Various forms of iron 
Characteristic features of alloys 
Classification of steel according to the mode of production 
Classification of steel according to chemical composition 
Carbon structural steel 
Carbon tool steel 
Alloyed steel 
Nonferrous metals 
Copper and copper alloys 
Brass 
Bronzes 
Aluminum and aluminum alloys 
Magnesium and magnesium alloys 
Copper-nickel alloys 
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Ch. II. Properties and Commercial Sizes of Metal 
Properties of metals 
List of commercial sizes of rolled stock 


Ch. III. Drop Forging 
Principles of drop forging 
Heating of metal and heating arrangenents 
Fuel 
Duration of heating of metal 
Heating arrangements 
Temperature control. 
Instruments for gas analysis and pressure 


Ch. IV. Design of Forgings 
General. information 
Allowances for machining 
Dimensional tolerances of forgings 
Fillet radii ; 
Draft angle on dies 
Excess material on forgings (“hapusk") 
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Parting line 

Methods of designing forgings 
Determination of weight and size of blanks 
Methods of (hot) drop forging 

(Hot) drop forging of die rolled stock 


. V. Multiple Impression Dies for Forge Hammers 

Die cavities 

Edging (die) 

Size of the die and measurements of die blocks 

Balancing side forces in hammer forging 

Fastening dies 

Material for dies used in hammer forging and specifications for die making 
Service life of dies used on forge hammers 


. VI. Trimming, Piercing, Straightening and Coining 

frimiing of flash 

Plercing of forged blanks 

Straightening of hammer forged blanks 

Trimming of flash, piercing, and straightening of forgings in progressive 
and in combination dies 
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7 3 
Coining of forgings 
Materials for making of trimming, piercing, straightening, and coining is 
dies 
Ch. YIT. Equipment for Hot Forging io 
Steam haumers 203 
Board drop hammers och 
Forging on crank presses 3 
Forging on horizontal forging machines a 
Forging on hydraulic presses er 
Forging on friction presses aan 
Forging on a horizontal bending machine Bs 
‘Working on a miltiple-action press ae 
Working on a rotary forging machine 227 
Die rolling ah 
Working on automatic upsetting machines 
Ch. VIII. Sheet Forming 251 
preci information 22 
Cutt 
Blanking and piercing 
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Bending 

Drawing 

Other operations 

Die constructions 

Equipment for sheet metal forging 


Bibliography 
AVATILABIE: Library of Congress 
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ALEKIN, L.Ye., dotsent, kand.tekhn.nauk; GLADILIN, A.N., dotsent, kand. 
Caikhin.fiowkes KRASAVIN, V.S., atarshiy prepodavatel'; LIPERENKO, 
N.N., dotsent, kand.tekhn.nauk; MAKAROVA, V.I., dotsent, kand. 
tekhn nauk; KHRENOV, A.D., starshly prepodavatel'. Prinimali 
uchastiye: WHEY ET ce ceased]: RASTORGUYEV, 1.5. [deceased]; 
BILINSKIY, M.Ya., rede; DORODNOVA, L.A., tokhn.red. 


(General technology of metals) Obshchaia tekhnologiia metallov. 

Izd.3e, perer. i dop. Moskva, Vses,uchebno-pedagog.izd-vo Prof- 

tekhisdat, 1960. 361 p. (MIRA 13212) 
(Metals) (Metalwork) 
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ANDREYEV, ¥.P., polkownik; BORISOV, D.S., polkovnik; SHOR, D.I., dotsent, 
kand.tekhn.nauk, insh.-polkownik sapasa; ZHELEZNYEH, V.I., dotsent, 
kand,tekhn,nauk, general-leytenant inshenernykh voysk, otv.red.; 
KHRENOY, A.F., goneral-polkovnik inshenernykh voysk, red.; 

~WATAROV; K.5S., doteent, general~polkownik inshenernykh voysk 
v etetavke, red.; KOVALENKO, L.P., red.; STREL'NIKOVA, M.Aev. 
tekhn.red,. 


(Military engineering and the Corps of Engineers in the Russian 

army; a collection of articles] Voenno-inshenernce iskusstve 1 

inshenernye voiska rusekoi armii; sbornik statei. Moskva, Yoea. 

4sd-vo Meva obor. SSSR, 1958. 209 pe (MIRA 12:6) 
(Military engineering) aa 
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ANDREYRV, V.P., polkownik; BORISOV, D.S., polkovnik; ZHELEZHYKH, V.d., 
dotaent, kand.tekhn.nauk, general-leytenant inzhenernykh voyak 
v otstavke, otv.red.; NAZAROV, K.S., dotsent, general-polkovnik 
inzhenernykh voysk v otstavke, red. 3 KHBEBOL...ABo-.goneral— 
polkovnik inzhenernykh voysk, red.; SHOR, D.I., dotsent, kand. 
tekhn nauk, inzhener=polkownik sapasa, red.; ROSSAL, N.A. . 
polkovnik, red.; KHLYSTALOV, S.I., polkownik, red.; SOLOMONIK, 
R.L., tekhn.red. 


(The Soviet military engineers, 1918-1940; collection of articles) 

Sovetakie inzhenernye voiska v 1918-1940 gg.; sbornik statei. 

Moskva, Voen.isd-vo M-va obor. SSSR, 1959. 141 p. (MIRA 13:4) 
(Military engineering) 
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AUTHOn. Peshekhonov, A. 4.3 Baybakov, K. P.; Makharinskiy, Ye. G.3 Smyslov, V. Liz. 5 
Khrenov, A. He; Smirnov, A. A.3 Mironov, A. K.; Kudryavtsey. VV. ‘ ae 
TITLE: A method for manufacturing pipes and similar articles from laminated _ ford 
plastics Class 80, No. 168169 i, 
een BY See 


" SOURCE: Byulleten' izobreteniy i tovarnykh znakov, no. 3, 1968, 113 


TOPIC TAGS: thermosetting plastic, glass fabric, laminated plastic, plastic tech- 
; nology 
| 


iABSTRACT: This Author's Certificate introduces a method for manufacturing pipes 

-and similar articles from laminated plastics. The prozess consists of winding some! 
such material as resin-saturated glass fabric on a mandrel and heating (e.g. with | 
hot rollers). Liquid thermosetting resins which do not contain volatile solvents Ss 
are fed continuously to the mandrel during the winding and heating process. This = . ve 
is done to make the completed article airtight. ioe 


ASSOCIATION: none 
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17(8) SOV/177-58-7-5/28 
AUTHOR: Khrenov, A.P., Colonel of the Medical Corps 
TITLE: Problems of the Medical Supply of Troops and Me- 


dical Field Institutions 


PERIODICAL: A as alae ghurnal, 1958, Nr 7, pp 26-29 
USSR 


ABSTRACT: Te article deals with the problem of supplying 
troops with medical equipment. Modern warfare 

makes it necessary to solve this problem in a 
way quite aifferent from that of WWII. The author 
elucidates 3 basic principles for discussion: 
a) the calculation of the requirements for medical 
equipment; b) the storage of medical equipment 
and the work of the pharmacies; c) fundamental 
tasks of the organs of the medical supply. 
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‘vroduction standards for planning and research work paid for 
according to a plece-rate system] Norny vyrabotki na preektaye 
i isyskatel'skie raboty, oplachivaemye sdel'no. Moskva, Gos. 
isd-vo lit-ry po stroit., arkhit. i stroit.materialam, Pt.13 
(ectric, power and blower stations; furnaces) Elektricheskie 
i vosdukhoduvnye stantsii, kotel'nye. ‘Section 3. [Hydro- 
electric power stations] Gidroelektrostantsii. 1958. 67 p. 
, (MIRA 12:7) 

1. Russia (1923- U.S.5.2.) Ministerstvo elektrostantsily. 

(Heat engineering) (Hydroelectric power stations) 
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SOV ISC- 54-5+4/63 
umitriyey. Te he, 


Goryunev No he. 
G. 2B. 


Enrency. Boog. Khristiansen, 0. 


The Structures of the 
Level (Struktura shirekikn atme 
morya) 


Aurosimov, Ao Te, 
Solow'yeva, Ve Jd: 


Kytensive atmesrpheric uhorers at Sea 
eternykn livnev na urevne 


%hurnal eksperimental ‘noy i teoreticheaskoy fiziki, i958, 
Yolo 34; Nr 5, Bpe icf 7--.¢69 (USSR) 


This paper investigates the lateral distribution of eleotrone, 
nu¢glear active and nuclear passive particles in extensive 
sir showera containing from 4,104 to 4.109 particles at sea 
levei by means of currelated hodosccres. These measurenents 
were curried cut from April to Hay o1 1954 in Moscow. The 
authors used the hedosecopes K-45 of L. N; Korablev, At first 
the measuring device is discussed, which gave a sufficiently 
exact distribution sf the density of the charged particles 
near the axis of any registered shower. By means of these 
data it is possible to datermine the individual orceperties 
of the shower, - the position of its axis and the number ef 
the particles, As zero approximation of the peositisn ef the 
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The Structure of the Extensive Atmospheris “hovers at Sea Level 


axis the center of the region of maximal density of particie 
flux was taken. Also the determination of the second anproxi- 
malion is discussed in a few words. but the use cf this second 
approximation is practically not nosserery. “he second char~ 
acteristic ot the shower « the total: number N of the particles, 
wae found after determining the position ct tha aris. 
Therefore the total number cf the partielea in-the central re- 
gion of the shower wa used os a atandara of the totel nomber 
of particiea. The experimental data concerning the spacial 
distribution of ali gharged particles may be aprroximated 
by the function KNr“'e""/R with R = (60 6) m for the vegion 
22 rg R(n-i) and by the exponential function ko Nr-% for 
the region ry» R(n1) with ns?,6 + 0,4. The coefricientu K 
and kK, are found from the normalizing conditions d the func- 
tion of spacial distribution. The hodoscopic device wags also 
used for the determination of the number of the registered 
extensive showers with a fixed number N of particles. The 
energy flux of the shower is concentrated in a smajl region 
possessing a smali radius of the order of several metres 
frem the axis of the extensive air shower. The whole of the 
Cara 2/4 experimental facts may ba explained by the idea of equi libcium 
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‘ The Structure of the Extengive Atmospheric Showers at Sea Level 


Lf 


ASSOCTATION: 


SUBMITTED : 


between the electron component ‘and the nuclear active com- 
ponent with low energies on one hand and by the anergy~-flux 
of the nuclear avalanche (lavina) of the shower core on the 
other hand. There are 7 figures, 4 tables, and 20 referencen, 
12 of which are Soviet. 


Pizicheskiy institut im. P.N. Letedeva Akademii nauk SSSR 
(Physics Institute imeni P.N. Lebedev, AS USSR) 
Moskovskiy gosudarstvennyy universitet (Moscow tate University) 


December 3, 1957 


1.Particles(Airborne)--Measurement 2.Electrons--Distribution 
3.Electrons--Properties 4.Mathematics--Applications 
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KHERNOV, B. A. 


GENERAL DESCRIPTION UF THE MOSCOW INI VERSITZ ARRANGEMENT FOR THis STUD’ UF 
eXTENSTVE AIK SHOWERS AND PRELIMINARY RESULTS OBTAIN :D 3Y IT 


S.N. Vernovs G.B. Khristiansen, A.T. Abrosimov, N.N. Goryunovs VA. Doitrievs 
G.V. Ki Liko » Yu.A. Nechiny S.Pe SOkO1LOVs Vel. Solovevas K.1. SoLoviews Z.S. otru- 


palskys B.A. Khrenov 


1. In late 1957, at the Moscow State Universit:: an arrangement was put into opera = 
ation for multipurpose studies or extensive sir showers of cosmic ra/Se 


2. The arrangement is & complex assembly of simutaneously operating physical 
instruments (some 5000 Geiger-Muller counters covering an area of over 100 mF» some 
150 ionization chambers of various shapes covering a total area of 13 
dirrusion chamber of area O.obs m2) and appropriate elctronic equipment and photo- 
graphic devices to record the instrument readings when an extensive air shower passes 
through the arrangemente Most of this equipment 4s locted in a specially erected 
pbuilding. “Three rooms of this building (-60 sq.m. jn area each) have 4 jigit roofing 
or not more than 1.5 g/cm? and two rooms (25 mé¢and 80 m2) are situated underground 
at a depth corresponding to 20 and hO metres water equivalent. 


report presented at the International Cosmic Ray conference, Moscow, o-1l July 1959-6 
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A STUDY OF THE MU-MESON COMPONENT NEAR THE AXIS OF AN EXTENSIVE AIR SHOW 
S.N,Vernov, B.A.Khrenov, G.B.Khristiansen 


I. The method of correlated hodoscopes was applied in a study of the 
following characteristics of the high-energy mu-meson component in 
extensive ajr showers at sea level: 

a) the spatial distrubution of mu-meson fluxes, 

b) the ener ey spectrum of parma gs 

elude, depen s7P car sHS"URPERS”snewersion® OF Meh enerey on Se 
2. The spatial distribution of mu-meson fluxes is of the following form for 


showers with N I0?: (2) J/m, nel+0,2 2m or Sm 
n=0.96+0.14 @m r 100m 


Tpregularities ar gbserved ne r the showey prs in the spatial distribution 


«meson flux. rreu s, which consis e appearance o 
groups of spatially correlated mu-mesons, can by no means be explained by 
Poisson fluctuations in the distribution of meon trajectories. 


Report presented at the International Cosmic Ray Conference, Moscow, 6-11 
July 1959 
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AUTHORS: Bogoslovskiy, G, V., Khrenov, B. A. 


MITLE: An Blectronic Analogue for Working Up Data on Extensive Air 
Showers ; 


a er oe i tekhnnika eksperimenta, 1959, Nr 4, PP 37-40 
USSR 


ABSTRACT: The apparatus is designed to find the axis of the shower 

and the number of particles from the data provided by a set. 

of counter trays. The probability distributions for the axis 
and for the number of particles are indicated. The mathemati- 
cal aspects of the problem are treated first; the particles 
are assumed to be distributed in accordance with the law 


f(r;) +2 107? exp(-r,/55)/ry 5 with 2; (the distance 


from the axis to the j-th counter) in m . The coordinates 
of the axis are *,/J7 3 and the number of particles is Ar 
Each tray contains 0 counters each of area oO 3 the shower: 
fires m, counters in tray 3. Fig 1 shows a unit of the 


circuit used to calculate the log of the probability function 
w ,. The density distribution is imitated by supplying an 
input as the potential distribution in a tank of electrolyte. 


Gard 1/2 
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An Blectronic Analogue for Working Up Data on Extensive Air Showers 


The units have an input resistance of 23 megohms; the inputs 
are provided by a set of probes, which set can be moved 
about in the tank to locate the axis, The apparatus is 
equivalent to 36 trays of counters each with 24 counters; 
each tray switch has 25 positions (see Fig 2), which set 
the potentials in the electrolyte. The rest of the design 
is obvious. Fig 3 compares the exact solutions (continuous 
lines) with the approximations (steps). The paper contains 
3 figures and 3 Soviet references. 


ASSOCIATION: Nauchno-issledovatel'skiy institut yadernoy fiziki MGU 
(Nuclear Physics Research Institute, Moscow State University) 


SUBMITTED: May 20, 1958. 
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(Radiation belts of the earth, Primary cosmic radiation and its 
properties and origin] Radisatsionnyi poias Zemli. Pervichnoe 
kosmicheskoe izluchenie, ego svoistva i proiskhozhdenie. Moskva, 
Isd-vo Akad. nauk SSSR, 1960. 258 p. (Trudy Mezhdunarodnoi 
konferenteii po kosmicheskim luchan, noe3) 

(MIRA 14:2) 
1. International Conference of Cosmic Radiation. ; 

(Cosmic rays) % 
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BRAS ., otv,red.toma; NIKISHOV a.I,, samestitel' red.toma; 
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red,; ZATSEPIN, V.I1., red.;, KHRENOV, 3.4., red.; DORMAN, oa - 
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VAV ILOV, Yu.N., red.}. ABROSINMOV, A.T.. red.; GUROV, K.P., rede 20=- ry 
BRUZGUL', V.V., tekhn.red. 


Cosmic Rays] Trudy 
Transactions of the Internationel Conference on : 
ee al konferentsii po kosmicheskin lucham. Moskva, Tsgsv2 a4 Pe 
Akad nauk SSSR. Vol.1. (iuclear intersctionn pean a oH . 
: i - ev. é 
IAdernye vaainodeistvila pri energiiakh 10 10 Vv (acai) 
1. Mezhdunarodnaya konferentsiya po kosmicheskim lucham. Moscow, 1959-6 
— (Nuclear reactions) - 
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_ KHRSNOY,B.Ae, rede; SYROVATSKIY, S.I., red.; FEDOROV, V.M., 
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red.izd-va; BRUZGUL', V.V., tekhn.red. 


[Transactions of the International Conference on Cosmic Rays} frudy 
Mezhdunarodnoi konferentsii po kosmicheskim lucham, Moskva, Isd-vo 
Akad. nauk SSSR. Vol.4. [Variations in the intensity of cosmic rays] 
Varietsil intensivnosti kosmicheskikh luchei. 1960. 362 p. 

(MIRA 13:10) 
1, Mezhdunarodnaya konferentsiya po xosmicheskim lucham. Moscow, 


1959. 2. Magnitnaya laboratoriya AN SSSR, Moskva (for Dorman). 
(Cosmic: rays) 
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red.; AHROSIMOV, A.?., red.; GUROV, K.P., red.izd-va; BERKGAU?, 
¥.G., red.isd-va; BRUZGUL', V.V., tekhn. red, 


(Extensive air showers and cascade processes} Shirokie atmosfernye 
livni 1 kaskednye protsessy. Moskvs, Isd-vo Akad.nauk SSSR, 1960, 
351 p. (Prudy meshdunarodnoy konferentaii po kosmicheskim luchan, 
N02). : (MIRA 13212) 


1. International Conference of Cosmic Radiation, 
(Cosmic rays) 
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8/627, 60/002/000/001/027 
2.24.10 (SSF, 2205, 2705, 2905) D299/D304 
AUTHORS: Vernov, S. N., Khriotiansen, G.B., Abrosimov, A. T., 


Goryunov, N. No, Daitriyov, VY. A., Kulikov, G. B., 
echin, tu. A., Sokolov, S. P. (decoused), Solov'yeva, 
V. I., Solov'yev, K. I., Strugals'kiy, 2. S., and 
Khronov, Be. A. 
eee re ee ee 


TITLE: General description of the Setup used for otudying ex- 
tensive air showers and the provisional results ob- 
tained : 

SOURCE: International Conference on Cosmic Radiation. Moscow, ef 


1959. Trudy. v. 2. Shirokiye atmostornyyo livni 1 kass . +: 
kadnyye protesessy, 5~16 : ; a : 
TEXT: A complex: experimental setup wae installed ut Moscow State 
University, consisting of a Simultaneously operating physicnl appa— 
ratus plus the corresponding radiotechnical equipment and photo- 
graphical -recording devices. The sutup incorporates over 5000 Gei- 
ger-Muller counters (forming a hodoscope), about 150 ionization 
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General description of the setup... D299/D304 a> 
chambers and o large diffusion chamber. The setup is designed ror a 
comprehensive and simultaneous investigation of all the basic compo- 
nents (eleotrons and photons, nuclear~active particles and p~mesons) 
of extensive air showers at sea level. The Setup was deulyned in 2 
different configurations; the first at the end of 1957, and the so- 
cond at the beginning of 1959. Below, only the results obtained hy 
means of the first setup ure considered. The setup wie located in 
@ Special building and’ in 10 motile laboratories. The shovers wero 
registered by the system of hodoscoped counters. Part of the coun- 
tera wore shieldod (those for detecting the nuclearactive particles 
and the A-mesons) and the other countera were not shielded. The 40- 
nization chambers served to determine the lateral distribution of 


the electron-photon component and of the nuclearactive component, 
The microstructure of the electron component was utudied by means 
of the diffusion chamber. Special measures were taken to ensure 
continuous and prolonged operation of the setup. The main units of 
the setup were automatically controlled, in particular the supply 
units and the photography system. The operation of the Betup (as a 
whole) was controlled triggered) by a selection syotem; in parti- 
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cular, the showers were selected in accordance with the density of 
the électron flow and of the i-masons. The setup waa in operation 
for about 2500 hours, yielding a large amount of experimental data 
which are still being processed. The probability theory (Baye's 
theorem) was used for determining the (x,y)-axes and the number of 
pacticles N of the shower; 4n addition the distribution function 
f(r) as well as other distribution functions were determined (r de- 
noting distance). The values of x, y and N were found by means of” 
a special electronic simulator. The density distribution of elec- 
+rons and mesons was determined by means of foriuula 


wp) = [1 [i- exp(- po)] t-oxp [- poy (ny 94) 
: 1 | 


where a, is the number of! counters which operate over an area Os! 

andin; ~ the overall number of such counters. The energy E of the? 

electron-photon component was determined by, means of ionization 
Card 3/7 
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chambers, shielded with lead (up to 6 om thick). A very comnprehen- 
sive picture of the particles and energies was obtained for showers 
whose axee fell within the system of 128 cubic detection chamtera, 
The setup permits observing the central port cf an atmospheric 
shower, whereby its several layers are simultanecusiy observed; 
this corresponds to the individual observation of the electron- 
photon, nuclearactive and s-meson compenents. The processed mate~ 
rial already yielded a fairly detailed picture of the structure of 
extensive air showers at sea level. Thus, the luteral distribution 
of particle flow in the individual showers was ascertained. It was 
found that the lateral distribution varies (in the 1 to 25 m range) 
‘from shower to, shower; the average distribution is, in the range of 
5 em to 100 n,!as' follows: : 


as Ly 
i 20,6 ‘Ky= 3,3°10 ~, 0,05¢r(0,3 m 


pix) = : (cont'd) 
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KN = 3 5 
2.6 » Ky= 261079, 0,3(rGo0 a 


- The lateral distribution of the eloctron-photon components also 
fluctuates from shower to shower. At distances smaller than 1,5 R, 
thease fluctuations are particularly sharp. The nuclearactive con- a 
ponents also exhibits considerable energy fluctuations. The fluc- : 
tuations in the high-energy ji-mesons were not yet analyzed. The en- an 
ergy of the ealectron-photon component Ey hn W898 calculated for a . ie 


shower with number of particlea equal to (2.7+0.2)*N&, where B ia toot 
the critical energy for air (72 Mev). The above value waa obtained 
with an accuracy of appr. 30%. It was found that the energy of the 
nuclearactive component E, ¥ (0.5 to 1.0) one This value is, how- 


{ 
! 
ever, subject to considerable fluctuations and the experimental da- { 
ta are as yet insufficient to determine the contribution of the i 
’ i 

| 
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AUTHORS: Vernov, S. N., Tulupov, V. I., Khrenov,.B. A., and 
Khristiansen, G. B. a 


TITLE: Investigating high-energy /Aa-~meson component of exten~ 
sive air showers 


SOURCE: International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. v. 2. Shirokiye atmosfernyye livni 1 kas- 


kadnyye protsessy, 169-180 ae 

TEXT: The selection of j-mesons of various energies was carried 

out by recording them at various depths of the absorber. The pecu- 

liar feature of the experiments consisted in the need to select 

showers, whose axes pass at various distances from the meson det- 
ectors, #0 as to study the space distribution of the meson flow. 
Thereby, the distance between the underground detectors and the 

shower axia recorded at the surface, may largely depend on the in- 
clination of the shower axis. The apparatus made it possible to 
determine the mean density of meson flow with treshold energies 
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E,, equal to 0.4, 5, and 10 Bev, at distances of 100, 25, and below 


5 m, for showers of various number of particles. The detectors with 
a large sensitive area permitted observing the peculiarities of 
meson distribution in the various showers. The apparatus was in ope- 
ration for approximately 2000 hours. The energy spectra of the j- 
mesons and their lateral distribution for distances of 3 - 100‘m 
from the shower axis were obtained. It was found that for showers 


with N = 2.109, the lateral distribution of /-mesons with E 210 Bev 


has an exponent n¢1i for distances up to 100 m. This means that xp 
mesons of such energies are mainly found outside a circle of radius 
r= 100 m. Further, the irregularities of meson-distribution at a 
depth of 40 m were studied in individual showers by means of meson 
detectors of total area 3.1 me. Irregularly distributed meson- 
groups were observed. In all, 17 such groups were recorded in 14 
showers, during 800 hours of operation of the detectors. The perti- 
nent experimental results are listed in tables. It was found that 
the meson groups appear in showers which do not differ from "aver- 
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age" showers with respect to the total meson-flow. The distance be- 
tween the meson group and the shower axis did not exceed 3 m for 


showers with N = 2-107. A comprehensive knowledge of the high-ener- 
gy meson component was obtained, in particular with respect to me- 
son flow in the vioinity of the shower axis, where the energy of 

the g-mesons exceeds 10 Bev. By comparing the number of mesons at 

mountain altitude and at sea level, the conclusion is reached that V 
-mesons with E, 310 Bev. are effectively generated at high altitudes 

(above 3800 m),’ acquiring a sufficiently large transverse momentum. 

The character of the lateral distribution of Ai~mesons near the 

shower axis is determined by the character of meson generation ac- 

cording to altitude. Computations were carried out of meson distri- i 
bution near the axis ( r¢25m), with B,>10 Bev, for 2 models of ex- | 


tensive shower development. Further, various interpretations are 
proposed for the appearance of A-meson groups in the vicinity of 
the shower axis, The angular distribution of7-mesons in nuclear 
interactions has a substantial effect on the lateral distribution 
of f-mesons with Eyy10 Bev. The majority of A-mesons of such ener- 
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gies are generated at altitudes of 6 - 8 km above sea level. The 
dependence of the number of /-mesons with E DAO Bev. on the number 

of particles in the shower, in the circle r = 25 m, is expressed by 

nO°® t 1 (for the range N = 10* to 5-10°). The meson distribution aa 
(with E710 Bev.) in showers with N = 2°10? is expressed by Pu = 


= K/r™, n= 0.8 + 0.2, for distances of 3 to 10 m from the shower 
axis. There are 6 figures, 6 tables and 10 references: 8 Soviet- 
bloc and 2 non-Soviet-bloc. The references to the English-language 
publications read as follows: B. Edwards, J. Losty, D. H. Perkins, 
P, Pinkau, J. Reynolds. Phil. Mag., 3, 237, 1958; A. Ueda, N. Ogi- 
ta. Progr. Theor. Phys., 18, 269, 1957. 
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AUTHORS: Vernov, S. N., Solov'yeva, V. I., Khrenov, Be A., 
Khristiansen, G. B. ee 


TITLE: Fluctuations of the muon flux in extensive atmospheric 
showers 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 41, 


no. 2(8), 1961, 340 ~ 353 


TEXT: The study of fluctuations of the muon flux in extensive atmospheric 
showers is very interesting, since the fluctuations accompanying the 
formation of avalanches of high-energy nuclear-active particles in the 
atmosphere, a8 well as the applicability of the various models of shower 
formation can be estimated from their character. This article gives a 
detailed presentation of the results of an investigation of muon-flux 
fluctuations in extensive atmospheric showers, which were carried out 
with a special device for comprehensive studies of such showers, made 
available by Moskovekiy gosudarstvennyy universitet (Moscow State Uni- 
versity), First, the authors give a detailed description of the experi- 
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mental arrangement which used numerous Geiger-Mliller counters in hodos- 
copic arrangement. Fig. 2 shows a muon detector. Detectors of this type, 
used for measurements on the earth surface, had a total area of 4.75 a”) 


at a depth of 20 m water equivaient, it was 3.2 ‘a and at 40 m water 


equivalent, 6.3 a The arrangement was designed in such a way that six- 


fold coincidences could be recorded. Showers with N> 10°, in which the 


numbers of muons with E> 4-10°ev were determined, were examined more 
closely. In order to eliminate the nuclear-active effect, only the 
records of those detectors were taken into account, which were more than 
50 m away from the shower axis. The arrangement made it possible to 
measure the total number of shower particles and the number of muons in 
the shower simultaneously. The showers investigated were grouped as 
follows: 
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| N = (2 —5)-10° 
N = (5—10)-10°, 
N> 10’ 
Detectors N = (2—4)-10° 
N>4.-10° : 


N = (tl —2)-10° 
Detectors B 


N =(2—4)-10°. | 
AND 410° ~~ 


The distribution of events with respect to the ratios a/p (q - number of wee 
recorded muons, p - average number of muons to be expected) for the acy 


groups (A: W > 5 +1093 6 iN > 4+10°3 Bs Nz 410°) is given in a table. 

Conclusions: The slight fluctuations of the muon flux in showers witha . 
given number of particles, which were observed experimentally, contradict Poe og 
the conception of the development of extensive air showers proposed by 2 0° 
Tt. E. Cranshaw, and A. M. Hilles in a report delivered at the Internatio- : Pe 
nal Conference on Cosmic Particles. The fact that the experimentally ae 
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predicted fluctuations (theory takes into account only fluctuations at the . ae 


first interaction) corroborates theory. Calculations show that in the 
case of a shower developing without fluctuation, the form of distribution 
with respect to the muon number n.. in a skower with & given number of 


particles is highly sensitive to the quantity € = (A+ B)/r -y- 1. Since be: 
and ’ are known, the value of * can be estimated from the form of 
distribution with Tespecat to n., («. is the interaction mean free path of 


the ultrahigh-energy particles releasing the showers. In order to obtain 
the exact distribution of muon fluxes, it is necessary to improve the 
experimental conditions. The authors thank I, P, Ivanenko for a dis- 
cussion, and K. I. Solov'yav, V. Sokolov, Ye. Shein, V. Putintsev, I, 
Vasil'chikov, V. Nazarov, G. Degtyareva, N. Proshina, and I, Massal'skaya, 
co-workers of MGU, for assistance. There are 4 figures, 4 tables, and 

8 references: 7 Soviet-bloc and 1 non-Soviet-bloc. 
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Legend to the Table: (1), (3), (6): Experimental distributions; 
(2), (4), (7): distribution to be expected from the formula 


ny /3 zs 
» W (9), (aan q/p=0~+'/5), 7 A. 
=o 


"2p; 19 


Dd Wa) (aan g/p=Yp+%h), nt. 
q=p; fa aye 


(8): distribution to be expected from the factor given in column 5 and 
from the statistical fluctuations. The last line but one gives q/p of all 
events. 
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AUTHOR: Khrenov, B. A. 

TITLE: Investigation of the high-energy muon fluxes in extensive 

air showers ; 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 41, 


noo 5(11), 1961, 1402-1411 


TEXT: This is a continuation of a work carried out at the Moskovskiy 
gosudarstvennyy universitet (Moscow State University) between 1958 and 1960. 
The author presents experimental results on the spatial distribution of the 
muon flux, on its dependence on the total number of shower particles, on 
the muon energy ‘spectrum between 5 and 10 Bev, and on the muon flux density 
spectrum. These data had been obtained by means of apparatus described by 
S. N. Vernov, V. I. Solov'yeva, B. A. Khrenov, G. B. Khristiansen (ZhETF, 
4), 340, 1961), by G. V. Kulikov, G. B. Khristiansen (ZhETF, 35. 635, 1958), 
by G. V. Bogoslovskiy, B. A. Khrenov (PTE, 4, 37, 1959), and by 

L. N. Korablev (PTE, 2, 56, 1956). The muon flux density grew linearly with 
the logarithm of the particle number N for the energy ranges (E>5 and 
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E210 Bev) and for R = 25 m and 80 m. R denotes the distance from the 
intersection point of the shower axis through the Earth's surface to the 
vertical line through the muon detectors which were placed at 20 and 40 m 
water equivalent under the Earth's surface. If these functions are written 


in the form p(N) ~N", then a is found to be 0.85 + 0.10, independently of R. 
This andicates that the spatial distribution of the muon flux does not 

depend on the particle density N. The spatial distribution of the muon 

flux as a function of the distance r between the muon detector and the shower 


axis may be described by p(N,r) = kN Texp(-r°/r?), if n = 0.7 + 0.1, 

a = 0.85 + 0.1, and k = 5.8°107, x, = 195 + 15 for E>5 Bev, end 

k = 4.16107, Ts =155415 for E>10 Bev From these data, the overall muon 
flux is sarsnlaced to be Ni = nkre" "7 (4 -n/2)n*, For E25 Bev 

N, = 0.24 n9°85 ana for B > 10 Bev, N, = 0.13 y°°95, 

is interrelated with the I(m,s) spectrum approximately by I(m,s) 

='B6 eee = 1)!/m!. This is derived from the relation I(¢)dp=Bp ~~ dp. 
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m is the number of muons passing through the detector area Se 

= lor j1,(9,9,)/T,(,8,) | /log (3,/35); its values for energies 210 Bev 
and for two diiferent s-values ere given in Table 2 (time of measurement 
= 1000 hr). B = 0.8 hee as Similar conditions are found for E35 Bev 
(B = 1.3 nr? m4), The results proved to be inconsistent with those ob- 
tained by E. L. Andronikashvili and M. F, Bibilashvili (Ref. 5: ZhETF, 32; 
403, 1957). This is interpreted as due to inaccurate determination of the 
particle number in a shower in Ref. 5. Professor S. N. Vernov, A. Yu. Fomin, 
N. I. Kvitek, M. Muminov, M. Zhadin. K, I. Solov'yev, V- I. Putintsev, 
Vo Xe Sokolov, Ye. V. Shein, G, Dyagtyareva, N. Proshina, and I.Massal'skaya 
are thanked for their interest and help. Mention is made of Fukui, 
Khesegava, Matano, Miura, Oda, Ogita, Suga, Tenakhashi, Tanaka (Tr. 
Meshdunar. konf. po kosmicheskim luchan, iyul! 1959 ge, te 2, Izd. AN SSSR, 
1960 g.). There are .4 figures, 2 tables, and 15 references: 13 Soviet and 
2 non-Soviet. The two references to English-language publications read as 
follows: E. P. George, J. W. Mac Annuf, J. W. Sturgess. Proc. Phys. Soc», 
66A, 345, 19533 Po He Barret, L. M. Bollinger, G. Cocconi, Y. Eisenberg, 
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K, Greisen. Rev. Mod. Phys.,24, 133, 1952. 


Institut yadernoy fiziki Moskovskogo gosudarstvennogo 
universiteta (Institute of Nuclear Physics of Moscow State 


University ) 


ASSOCIATION: 


SUBMITTED: May 20, 1961 
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2.24/00 (4205; 2705 2¥0s) > B102/B104 
AUTHORS: Vornov, S. N., Khristiansen, C.. B., Belyayeva, I. Fe, 
: ee ee Kulikov, G. Vs, Nechin, Yu. A, 

olov'yava, V. I., and Khrenov,' B. A. ; 
Le ; 

TITLE: The primary cosmic-ray component at superhigh energies and 
t sone peculiarities of its interaction with nuclei of air : 
. atoms i . ‘ 


PERIODICAL: Akadomiya nauk SSSR. svestiya. Seriya fizicheskaya, 
v. 26, no. 5, 1962, 651-657 | 
@EXT: The paper is a report Ss experinents with the Moscow University 


ae apparatus (area 4- -104 a 2) for comprehensive studies of extensive 
air showers induced by high-energy cosmic particles. Thé charged- particle 
heresrone (Geiger counters in hodoscope arrangement) cover an area of 


110 ne , the muon detectors (2-3 counter layers shielded with lead and iron, 


in hodoscope arrangement) more than 12 a*, 6.3 a” of which are under 
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40 m water equivalent. The nuclear-ac ive-particle detectors form a 
system of 128 ionization chambers (6 2°) shielded by lead and graphite 
filters. The number of nuons produced in charged-pion decay was 

: estinated (the pions were assumed to be formed in gamma-quantua 


gina e on nuclei of air atoms): uf(E) < zi/t. B(t-nc)E, «1 < 0.5, 


> < 1077; for E, =~ 10'® ev and Eu = 10° oy a = 0.5), Kf(10"°) < 10. 


the number Mi of muons in nuclear showers was ante iat showers with ° 


N= 7°10" a ne number of 84104 muons with E > 10'° ov is to bo 
expected. The spatial muon flux distribution was determined for these 


two types of showers (i and Gp): In the case of a simple model of air 


shower production (Suppl « Nuovo Cimento, 2, 649, 1958), an analysis of 
the experimental data yields N = kJ exP(=x+x, +x lA: E, is the 


energy of the" prieary particle, xy “5 the depth oe its eat interaction, 
xy nsBloet, & - depth of Binewvarion): N is the total number of ‘ 
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shower particles; the number of muons B, - KBs A= 200 g/en*, 
B= 30 g/one and = 0.8 20.1%. If the primary energy spectrum bas the 


shape asytt dE,, at fixed N the N, distribution has the shape 
Se: 138 =< “)° 


action. Comparison between experiment and theory yields A = (8545) g/cn* ; 
as an upper limit. For charged muons their energies (S,) and numbers 


aN» n veing the mean free path with respect to inter- 


(n.) were measured and calculated for several altitudes H; W is the 


probability for a charged pion produced at H decays without interacting 
with an air nucleus. The results indicate that in ~ 3% of all cases 
nuclear interaction is accompanied by a production of narrow beans of 
great numbers of charged pions. There are & figures. 
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AUTHORS: Belyayeva, I. F., Solov'yeva, v. I., Khrenov, B. 


and Khristiansen, G. B. 
TITLE: Extensive air showers induced by high-energy photons 


PSRIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, 
v. 26, no. 5, 1962, 658-660 é 


\ 
TEXT: Photon-induced extensive air showers (e.a.sh.) (Nuovo Cimento 17, YX 
625, 1960) must differ from heavy-particle induced e.a.sh. by the number 
of penetrating particles. The upper limit of the number of muons Nu in 
a photon-induced e.a.sh. and the spatial muon distribution are 


estimated for E not = 10° ev and N = 10! at sea level. The muons are 
+ + 
assumed to be produced in ™~ decay only, the r~ being the result of photo- 


nuclear interaction. Muon pair production is ignored. 
N,(>E)< 0.8:107° BL/E. Phe spatial meson distribution at sea level 
‘ 
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is determined for mesons with E >1-10!9 ev. The transverse momenta of 
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od 


the ~~ produced are assumed to satisfy the law Pt exp (-(p,/P,)° | with N. 
1-108 ev. The distribution curves were found to be similar for 


electron-photon and ordinary showers, the densities at axial distances 
vetween 10 and 100 m differ by a factor of ~ 100; it is concluded 
that the muon density in photon-induced e.a.sh. will be ~1% of that in 


ordinary showers with n~1-10! at sea level and distances up to 100 m from 
the shower axis. An analysis of the relation between the number of 
recorded showers and that of recorded muons showed that of 126 showers 


with 4r10°¢ n<2-10! all those which could have been photon-induced 
were recorded. This indicates a 15% probability that 4 < 0.01. 
There are 2 figures. 
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atmospheric showers at sea level 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, 
v. 26, no. 5, 1962, 689 - 691 


W3XT:; Experimental results are given on the spatial distribution of muons, 
the dependence of the muon fraction on the total number of particles in a 
shower, the absolute muon current in a shower with a certain number of C 
particles, and the muon current density spectrum. The experimental appara=- 
tus, a set of Geiger-Miiller counters, was described by S. N. Vernov et al, 
. (Zh. eksperim. i teor. fiz., 41, ae: Ves The muon current density 


obeys the law o (NX, r) = kN@r7 Bevolsr [xe ), where k = 5.8*10 73, n = 0.7 + 0.1; 
a = 0.85 + 0.1; r= 195 +15 mat EB >5 Bev and k = 4.1°1075 ro 7 195215 m 
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at B10 Bev. N = 3.5.104 - ar10!, r «= 4 - 250 m away from the shower axis. 
The spatial distribution of the muon current at E > 10 Bev is not consistent 
with literature data. This is attributed to inaccurate measurement. The 
total energy of a current of muons with E 2 5 Bev in a shower with 


N = 10° is 7.291014 ev, i. e., about 7% of the primary particle energy. 


There are 2 figures. 
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AUTHORS : Vernov, S. N., Li Don Khva, Khrenov, B. A., Khristiansen, Oye 
B. ae 

TITLE: Muon beams in extensive air showers 

| 

| 


TEAT: The underground measurements of cosmic-particle distributions des- 1 ae 
cribed in Ref. 1 (2hETF, 37, 1252, 1959) have been continued. The spatial! - 3. 
muon distributions have been measured at a depth of 40 m water-equivalent 
by means of Geiger counters in hodoscope circuit. The total area covered 


by the counters was 1.2 n?, The spatial muon distribution was characterized 
by the distance D between the muon tracks in dependence on M (number of ore 
recording counters in the middle row), N (number of particles in the shower). 
and R (distance from the shower axis on the earth's surface). The showers ae 
29 


recorded were divided into two groups: R<30m (w=5-104-10°), and R>50m 4 
Vy 


(N « 10° - 210'), The meson track distribution determined was analyzed oo 
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by the Monte-Carlo method. Since in the central region of extensive alr 


showers (r<30 m from the shower axis) the muon trajectiories are not in- . 

dependent of each other, it is concluded that there exist pairs and groups ae 
of mesons related with each other. A characteristio feature of the central |. 
region is narrow muon groups (d~0.2m), muon beams, whose number rapidly i = - 
increases with N. For N>10° several narrow muon beams were recorded and ;. fe 


the distance between them reached several meters. ‘It is probable that : 
these beams originate in nuclear interactions. eran xeact interpretation |" 


measurements with large-area arrangements (~10 m2) would be necessary. — 
There are 4 figures, 5 tables, and 7 references: 6 Soviet and 1 non-Soviet - in 
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TITLE: New data on the study of broad ataospheric showerd using a complex 
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ABSTRACT: Experiments are described that were conducted at Moscow State University ~*~ 
.*{ 00 A Complex apparatus for the etudy of broad atmospheric showers and the au- j : 
. | meson Component of cosmic rays. The apparatus gave simultaneous inforaation on the 
electron-photon, mu-mescon, and nuclear-active Components of broad ataospheric 
showers in each individually. recorded. shower. Orig. art. has: 9 graphs, 3 tables. 
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" ABSTRACT; The device used at the MGU for studying extensive air showers (EAS) | 


has yielded extensive experimental data pertaining to ultrahigh-energy primary 
cosmic radiation, The present report cites cumulative experimental data for 

1960-1961. The device consists of 18 points (arranged in a circle of 120 m . 
radius) at which detectors of charged particle densities and mu-mesons are - 


located (Fig, 1 of the Enclosure), A very valuable feature of the device is its | 
ability to record high-energy mu-mason fluxes in an individual shower. The - 
ancrsy Ae of primary cosmic radiation obtained is discussed. The - 
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|. experimental data are used to determine the probability that pure electron- 
‘| photon showers comprise a fraction A of the total number of recorded showers 17 3» 
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“| where ny is the number of EAS. 


with a-density of mu-mesons Pai Pye is the 9 J} 
density of mu-mesons in pure electron-photon showers with the same number of ~ 
particles N as in the observed EAS, Calculation shows that 2 x 1079 with - 
90% probability. The upper limit for the fraction of primary Q quanta with 


energy of ~~ 1015 ey is from 4 x 10°4 to 10°4, In conclusion, the isotropy of 
primary cosmic radiation of the highest energy that can be tecorded by the 


device is discussed. Orig. art. has: 2 figures and 2 table.s 
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port, ALA-Union conkerence.on cosmic Ray Physic neld.at Apatity 24-3) August 1964/ 


SOURCE: ‘An SSSR. {zvestiys®. Seriy® cizicheskay®, v. 29, neo. 9, 1965, 1676-1661 


TOPIC TAGS: cosmic ray shower, muon, charged particle, extensive air shower, particle 
distributic particle distribution : 


ABSTRACT: The authors have employed the modernized installetion at Moscow state Uni- 
versity, described elsewhere (8.N.Vernov ect al., 1s. Aw SSSR Ser- fiz., 28, 2087, 
1964)), to investigate the simul taneous distribution of total nuaber N of charged parm 


ticles, total nuaber M of muons, and age parmeter gin extensive air err show- 
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error in determining 5 was estimated to be 0.02 by proceasing “artificial” showers of 
known age, caiculated by Monte Cario methods. The data presented were derived from 
some 300 showers with total numbers of charged particles renging from 105 to 4 x 106, 
Histograms are given showing the distribution of showers with respect to N with fixed 
nt with respect to M with fixed N, with respect to 8 with fixed N, and with respect to 

S with fixed M, and scatter plots are given for N versus 8 with fixed M and for M ver- 
sus 8 with fixed N. The correlation coefficient of 8 with M for fixed KN ranged be- 
tween 0.62 and 0.72; the correlation coefficient of 8 with for fixed M vas - 0.67. 
Orig. art. hast 10 formules, 4 figures, and 1 table. 
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SOURCE: AN SSSR. Izvestiya. Seriya fizicheskaya, v. 29,.no. 9, 1965, 1682-1685 _ 
TOPIC TAGS: cosmic ray shower » extensive air shower, muon 


ABSTRACT: The authors have employed the complex modernized installation at Moscow 
State University, described elsewhere (S.N.Vernov et al., Izv. AN SSSR. Ser. fiz., 28, 
2087, 1964), to investigate the structure of the central regions of muon showers ac~- 

companying extensive air showers. ~The muon flux at 40 m.w.e. underground was found : 

to be proportional. to r™, where r is the distance from the shower axis and n= 1/2 for 
Tm <cr <olS m.and r =—1 for 15 m<=—r <— 100 m; it was not possible to obtain the 
lateral distribution for r << 7m because of the errors in determining r. The ratio o 
the numbers of counters triggered in the two halves of the muon detector and the pro-" 
bability for triggering neighboring counters were subjected to statistical analysis, 
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figures, and 1 table. - 
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TITLE: Primary superhigh-energy cosmic radiation according to data on extensive 
atmospheric showers 


SOURCE: AN SSSR. Izvestiya. Seriya fizicheskaya, v. 29, no. 10, 1965, 1876-1880 
TOPIC TAGS: cosmic radiation, muon 


ABSTRACT: Of interest in the investigation of the primary. cnergy 
ispectrum of cosmic rays and their composition is the knowledge of 
‘the spectrum of extensive atmospherlo chowers (e.a.5, with respeot. 
to the total number N, of high energy muons (Eye 1019 ev) and 

the distribution of e7a.s. over the total number of the particles 
Ng for a given N In this connection the authors analyze the 
primary energy dpe eotrum of cosmio rays on the basia of experinental 
‘data obtained with @ speoial device for investiguting o.a.9. recor, 
ded with a probability of W20.95. This device makes it possible, 
to determine the totel number of charged particles in an e.ac8. °. 
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at the observation level. An averaged function ~, (R) is plotted 
‘to determine the spatial distribution of the fuons, and, thus, , 


N 
‘the total number of these muons le determined, The distribution 
of N, for a given pis evaluated on the basis of data on an e.8e6. 
with N, = (1-2)-10". The experimental findings are found to be ../ . 
in satisfactory agreement with theory. Thus, on the basisd the: ° i 
complex whole of the experiszental findings, it may be concluded ; 


maladie ten legen 
bes 


that the composition of -prigary cosmio rays in the superhigh- vast ; 
‘energy region apparently does not significantly differ from the .-. : 
‘composition in the low-energy region, and they-index of the prie . 
‘mary energy spectrum is variable rather than constant. Orig. art. has: ; 
5 figures. [JPRS] 
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ABSTRACT: -A study of the flux of particles at a depth of 40 m underground was 
made using the Moscow State University installation for the investigation of 
broad atmospheric showers. The purpose of the work described: was determination 
_of the shower-forming capacity of particles belonging to non-Poisson groups 
observed in the vicinity of the axis of showers. By assuming that the particles 
present in the groups observed were muons and using the experimental data ob- 
tained, the authors estimated that the average energy of muons in these shower- . 
forming groups was 1012 < Ea <-° 1013 ev. The determination of the shower- 
forming capacity is of value in estimating the full amount of energy carried 
away by a muon group in a broad atmospheric shower. It was shown that the muons 
in a group have an energy of ™ 103 Bev < Baw < 104 Bev. This indi- 
cates that a muon group cannot carry away more than 10% of the energy of a 
primary particle, and therefore cannot be responsible for the eacape of a signi- 
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ficant amount of energy, in the atmosphere. Presence of concentrated groups of 
high-energy muons (E 1012 ev) ata depth of 40m cannot be explained 
from the standpoint of theoretical concepts concerning the development of broad 
atmospheric showers that have hitherto been advanced. Orig. art. has 4 figures. 
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lation of Moscow State University on broad atmospheric showers with zenith ’ 
angles of 0-30° were reported. These results included the distribution of showers; 
with a fixed number of electrons N, with respect to the number of high-energy 


mesons Nu and the age parameter, S, distribution of showers with « fixed Nu with 


respect to N, and S, and the coefficients of the correlation between S and the =~ ; 
fluxes of electrons. and A-wesons. In the work reported in this instance, the AT 
game relations were determined for broad atmospheric showers with zenith angles .~ |; 
oemy0.45°, The fluctuations of Nu, S, and Ne, observed for an effective atmoe |; | 
spheric depth of 1240 g/ca®, were the seme as those for vertical showers estas =! | 
biished in the earlier work. To determine the differences due to an incresse. in.’ | 
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heric depth of 200 g/em*, calculations must be carr - 
the er eeater statistical precision. When results of the theoretical calculations: 7 
‘on characteristics of broad atmospheric showers at 1240 g/cm become evailebic,, — 
‘the experimental date reported will be useful for oe mansoni of the compos. 
‘ smic radiation in the supe -¢ ' | 
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(Irkutsk), 1948, p. 203-12. 
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"Study of Streams of High Energy mu-mesone in the Composition of Extended 
Atmospheric Showers." 


Vest. Akad. Nauk SSSR. Wo. 4, Moscow, 1963, pages 119-145 
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1. Predsedatel' obshchestvennogo soveta po blagoustroystwu gorodov 
i rabochikh poselkav pri Moskovskom oblastnom otdele komminal'nogo 
khozyaystva. 
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